Background on the model structure used for the synergy analysis
The model used for the SDG synergy analysis is called the Integrated Sustainable Development Goal (iSDG) model. The model uses System Dynamics as its core methodology. System Dynamics, originated by Jay Forrester at MIT in the late 1950s, emphasizes the interactions of positive and negative feedback loops, stocks and flows, information delays, and non-linear relationships in the generation of dynamic behaviors (1) .
The iSDG model focuses specifically on simulating the impacts of policies designed to promote the SDGs. The iSDG model builds on the Threshold-21 (T21) model for sustainable development planning, which was developed by the Millennium Institute and which has been applied in more than 40 countries worldwide (2) .
The iSDG model is organized into three dimensions: economic, social, and environmental. Embedded within these dimensions are 30 sub-sectors. Feedback loops interconnect the subsectors within and between the three dimensions creating a holistic and extensively integrated model. The iSDG model is better thought of as a modeling framework that is customized for a particular country or region. The iSDG models used for Côte d'Ivoire, Senegal, and Malawi were informed by stakeholder workshops held in-country and make use of country-specific data. The models feature user-friendly interfaces to promote interactive learning. The models can be made available to interested parties upon request.
When simulated, the effects of interventions in any sub-sector will propagate throughout the model structure revealing impacts on key performance indicators across the time horizon of the simulation. The simulation runs from year 1990 through 2030, the last year of the SDGs; however, the model can be set up to run for longer or shorter time horizons as the user chooses. The iSDG addresses all 17 SDGs and makes use of 78 indicators specified by the UN Agenda 2030. For the three case studies, Côte d'Ivoire, Senegal, and Malawi the indicators used are the same. Table S1 shows the indicators used in the iSDG for each SDG. Each of the indicators used has an accompanying target (desired indicator value). Some of these are explicit in the Agenda 2030 mandate, e.g., elimination of deep poverty for all. Other targets are not explicit and are for in-country policy-makers to specify, e.g., the targeted percentage of land area covered in forest. For these non-explicit targets stakeholder workshops were held to establish appropriate values. Interest on public debt as share of export 0.02 0.03 0.04 dimensionless * "The Global Environment Facility (GEF) Benefits Index (GBI) is a measure of the potential of each country to generate global environmental benefits in a particular focal area." (4) * * "% of firms experiencing at least one bribe request" (5) * * * The normalized governance index includes indicators for: voice and accountability, political stability and absence of violence, government effectiveness, regulatory quality, rule of law, control of corruption (6, 7) . The indicator ranges from zero to 1 with higher values indicating a better state of governance.
Calculation of SDG performance
The attainment status of each SDG is calculated as the average of the attainment levels of each target falling under the SDG. The structure tracking SDG attainment in the model is shown in Figure S2 . The same structure applies to the other SDGs included in the model. The left side of Figure S2 shows SDG targets and indicators at year 2015 and year 2030 used to assess target performance. Typically there will be a gap between the state of the indicator at year 2015 and the target (the desired state of the indicator). Target attainment is a measure of the degree to which the gap between the target and the indicator level at year 2015 is closed by year 2030, expressed in percentage terms. As an example, let us suppose that Indicator 1 in Figure  S2 is annual agricultural production per unit of labor and that Target 1 is to double the level of the year 2015 production per unit of labor by year 2030. If agricultural production is 10.2 metric tons per unit labor per year and the target is to double this to 20.4, then there is a gap of 10.2 metric tons per unit labor per year. If production per unit labor increases to 12.9 at year 2030, then the performance, or attainment, for that target at year 2030 is approximately 27 percent. The performance, or attainment, of each SDG is the average of the performances for the targets under that SDG at year 2030 (in Figure S2 the average of the attainments of Targets 1 and 2 , and 17 accompanied with large dis-synergy. These instances of dissynergy indicate opportunities for re-distributing investments to other SDG policies for improved overall SDG attainment and more efficient allocation of resources. Fig. S4 . Policy impacts, business as usual performance, SDG attainment and synergies for Senegal. In the case of Senegal several rounds of iterative simulations have been performed to eliminate exceedance of 100% attainment and associated dis-synergy.
Technical Note on iSDG Validation Process
The iSDG model is a System Dynamics based tool that has been designed to support national development planning. iSDG is structured to analyze medium-long term development issues at the nationwide level, and to provide practical policy insights. Specifically, the model provides policymakers and other users with an estimate of the consequences to be expected from current and alternative policy choices. Such estimates are not to be taken as exact forecasts (no model can accurately forecast long-term development trends) but as reasonable and coherent projections, based on a set of clear and well-grounded assumptions. In fact, the model's results inherently embed a high degree of uncertainty: over the time horizon considered in the simulation, a large variety of unforeseeable changes can take place, and a large number of parameters might take on different values than those observed in the past. The validation process of iSDG is therefore centered on strengthening the underlying assumptions based on currently available data and information, with a focus on improving its ability to provide insights to the key questions being addressed (1) .
Validation is embedded in the broader model implementation process, and it includes structural and behavioral validation tests (8) . Structural validation tests involve direct verification of structural assumptions and parameters. Behavioral validation tests involve the assessment of the model's ability to replicate the historical behavior of the main indicators for the period 1990-2017/8.
At the outset of the process, an integrated database is constructed including a few hundred time series for key indicators, covering the period 1990-2017/18 (depending on data availability). Data is initially collected from international databases (e.g., the World Bank's World Development Indicators, the International Financial Statistics database of the IMF, the FAOSTAT database of the FAO, the International Energy Association, etc.) and it is then reviewed and integrated by government experts. That process establishes confidence in the data being used, and the necessary assumptions to address data gaps are elaborated jointly with local experts. Based on that database, the model is then calibrated.
Calibration is performed by way of partial model calibration cycles (9) , in which individual sectors first, and then combinations of sectors are simulated using exogenous inputs in substitution of inputs from other model sectors. Scientific literature and numerous prior applications of T21family models provide reference ranges for most parameters in the model. Based on those reference ranges, rounds of multi-parametrical optimization are used to search for the combination of parameters values that is most compatible with the trends observed for relevant indicators in each sector.
In line with the purpose of the model, the goal of calibration is that of replicating medium to longterm trends in data; while less emphasis is given to shorter-term dynamics. The residual error from the calibration process is analyzed and broken down by component using Theil's statistics (10) into bias, unequal variation, and unequal covariation. That analysis guides further calibration towards the reduction of error of the first two types in order to properly capture medium and longer-term trends in data, with less weight on error of non-systematic nature, that is due to the inability of the model to capture short-term fluctuations.
The result of the calibration process is further reviewed by local experts, and parameters values are checked against evidence from local studies. Often, the initial core structure of the model, common to most applications, cannot replicate historical data sufficiently well for some indicators, indicating the need for a revision of the model's structure and assumptions. Modifications to algorithms as well as the introduction of additional sectors to the model are then allowed, until the proposed theory of change can explain past developments sufficiently well.
Finally, results from policy analysis are further tested by way of sensitivity analysis, i.e. performing Monte Carlo simulations in order to assess the sensitivity of the resulting policy recommendations to the set of parameter values being used. While the whole validation process as described above is significantly time consuming, it is essential not only to the structural validity of the model, but also to build confidence in the results produced, which is of prime importance for the success of the overall policy-support exercise.
